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About the Team

Presentation on behalf of the
CAE Systems Environment Team
Tasked with supporting the efforts of
engineers and scientists at NASA JPL

Establishing and maintaining multi-disciplinary
Integrations of tools and methodology
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About the Presenter

Software Systems Engineer
at NASA JPL

Education:

— Bachelor’s of Science in Industrial and Systems
Engineering (Georgia Tech)

Staffed on two flight projects

— Europa Clipper

— Europa Lander

MBSE Native: model-based engineering from start of career
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NASA Jet Propulsion Laboratory (JPL)

e Located in Pasadena, CA

* NASA-owned “Federally-
Funded Research and
Development Center”

* University-operated
« ~5, OOO employees

Contract
Negotlatlons

Program
Direction & Funding &
Reporting Oversight
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You May Know Some
Of. Our Missions...







Computer Aided Engineering (CAE)

« Computer Aided Engineering provides the
Laboratory's Engineering Staff and Scientific
communities with tools and technical expertise

* Four Environments:
— Systems Environment
— Software Environment
— Mechanical Environment
— Electrical Environment

12 April 2018 For Planning and Discussion Purposes Only 8
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CAE Problem Statement

 Current State of Practice
— Dispersed domain specific modeling (CAD, FEA, MATLAB)
— Document-based artifacts related to models, but not connected

* Need for a Model-Based Engineering Environment
— Tie system level models into existing models and modeling tools

— Provide methods and tooling environment to support the effort

12 April 2018 For Planning and Discussion Purposes Only 10



Systems Environment: Model-Based Approach

Information Management Across All Disciplines and the Life Cycle

Testing

Project
Management

Manufacturing
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Systems Engineering: Executable Approach

* Next phase of modeling emphasizes executable models
to enhance understanding, precision, and verification of
reguirements

« EXxecutable Systems Engineering Method (ESEM)
augments the OOSEM activities by enabling executable
models

— ESEM defines executable SysML models that verify requirements

— Includes a set of analysis patterns that are specified with various
SysML structural, behavioral and parametric diagrams

— Also enables integration of supplier/customer models and analysis

12 April 2018 For Planning and Discussion Purposes Only 12



Applications of Model-Based Engineering at JPL

JPL is applying MBE Engineering Products
practice in several projects . MELs. PELs

« Missions to Europa
— Europa Clipper
— Europa Lander

« Missions to Mars

* Resource allocation analysis
« System decomposition,
 Libraries / reusable models

— Mars 2020

— InSight Not just spacecraft

— Mars Sample Return (MSR) missions! Not just early
* Thirty Meter Telescope phases of design!
« Ground Data Systems
* Psyche

« MAIA

12 April 2018 For Planning and Discussion Purposes Only 13
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OpenCAE Vision

 Provide an open portfolio in a shared environment that seamlessly
connects engineers developing missions and systems.

— Open - The portfolio that CAE provides is open in every sense of the
sprit of open source. Our processes, code, apps, services and artifacts
are accessible by JPL users as well as vendors and partners.

— Shared - CAE is more than a collection of licenses and tools, its a
shared environment for engineering. The diverse community of users,
developers partners and vendors are able to contribute innovation and
work more effectively by reducing the overhead.

— Connected - the CAE Environment connects engineers allowing them to
collaboratively construct and analyze the precision products needed to
develop Missions and Systems at JPL using the CAE environment. This
is done without the overhead of traditional manual exchanges of
information. Engineers can connect with each other and find relevant
engineering data and information reducing redundancy and increasing
value of the engineering products and analysis produced by the flight
project. ,
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OpenCAE Mission

« Develop the CAE environment from a user centered
architecture leveraging vendor partnerships using
robust life cycle processes.

— Vendor partnerships — CAE works closely with Vendors
providing them crucial feedback and insight into how their
products are serving the needs of engineers and
developers

— User centered architecture — to achieve the vision of Open
CAE, the technical architecture for CAE is driven by the
needs of the practitioners who use the environment and
the needs of the projects that are served by it

— Life-cycle process — the life-cycle processes for CAE
provide the integrity of the the applications services and
support provided by CA

-
-l
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OpenCAE System: Overview

» Collection of engineering environments based on a Technology Portfolio is
referred to as OpenCAE

« Provide a platform for these tools to work together in order to support JPL's
various projects

« The integration platform provides the core to JPL's mission engineering
environment allowing to tracking relations between heterogeneous data
sources in a linked data architecture

« Evolution of those engineering environments is controlled through case
studies

* Incorporate tooling from systems, software, mechanical, and electrical
domains

» Lifecycle support for these tools

* Includes configuration management, archiving, business process
implementation, and review support

- Emphasize standards for data interchange such as REST to provide for
easier connections

12 April 2018
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OpenCAE System: Embedded Roles

* CAE provides the same environment to all
Its customers (engineers and scientists)

 Embedded roles work directly on projects
to adapt the standard environment specific
to the project goals or methodology

 Embedded roles capture needs in general
case studies which inform the CAE
architecture

12 April 2018 4



Europa Clipper Embedded Role

* Need:
— Formalize analysis workflows related to the
Clipper Flight System

— Want to capture the workflows in a model, but
also want them to be executable

* Approach:

— Use Phoenix MBSEPak plugin for MagicDra to
translate the workflow parameters into Phoenix
ModelCenter

— Configure ModelCenter to use shared
components in the Analysis Library of
ModelCenter Cloud

12 April 2018 For Planning and Discussion Purposes Only 19



Europa Clipper Embedded Role

 Need:

— Workflows need to publish artifacts to CAE '
services (MMS, TES, Artifactory) |

» Approach:

— Express the REST API endpoints of these”
servers in OpenAPI standard specification

— Use Swagger codegen to generate clients for
specific analysis environments
 Mathematica, MATLAB, Python, Java
* More than 20 other languages available

12 April 2018 For Planning and Discussion Purposes Only 20



Europa Lander Embedded Role

* Need:

— Generate orderly and palatable diagrams from a
system model describing the Lander |

— SE products should never be out of sync with th
system model
* Approach:

— Leverage Tom Sawyer plugin for MagicDrav
development effort

— Supply requirements directly from the project to
the vendor

— Coordinate with CAE development team on the
use case for Tom Sawyer integration with
DocGen and View Editor

12 April 2018 For Planning and Discussion Purposes Only 21



OpenCAE System: User Communication
.

» Mailing lists generated by tool license us ,_‘

» Slack channels per each tool for general
guestions (with vendors)

» Technical Working Groups held biweekly'{‘
with vendors for tool-specific question

* OpenCAE Systems Environment Team
Office Hours held biweekly for general
guestions and support
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OpenCAE System: User Centered Design

v,wb
ki

» User Centered Design steers the
development of the OpenCAE
Infrastructure

« Continuous communication with users to;'""
understand their experience in the
OpenCAE environments

» Users evaluate solutions before they are
Implemented

* Following standard UX practices

12 April 2018 For Planning and Discussion Purposes Only 23



CAE Systems Environment

Support SE Activities:

Requirements Management
nterface Management
Design Management

Trade Studies
Interdisciplinary Integration
Analysis Management
Resource Management

12 April 2018 For Planning and Discussion Purposes Only
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Scope of the CAE Systems Environment

Svsiems Engimeering
Process
L1 Scierce
Reguiraments

“
L2 Project
* : Project Mode!

Reguirements _
Inegration &
System Verification

Coxr 1 |
L3 Systen I | Testheds, Systems

Requirements Madels

System-lavel
Integration &
L4 Subsystem T s Subsystem Verftication

Requirements madals lests

. ’ _—_— b ."

'-.h Integrate
Lower leye| Assermbly
1 WHDL, EMs, -

Requirements Tests

¥
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CAE Systems Environment

Case Studies Realization

Systems Design Management MagicDraw, View Editor, MapleMBSE

Systems Resource Management | Phoenix ModelCenter, Cameo Simulation Toolkit,
Systems Tool Kit

Interdisciplinary Integration Syndeia, Cameo Datahub

Viewing and Reporting Tom Sawyer, View Editor

Systems Analysis Management Phoenix ModelCenter, Platform for Modeling
Analysis (PMA)

12 April 2018 For Planning and Discussion Purposes Only 26




OpenCAE Environments and
= Technology Portfolio

CAE Disciplines

Collections of tools and resources for engineering disciplines

="

Electrical Mechanical Software Systems
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Systems Environment Tools

ibd [Block] Systems Engineering Environment | @ Systems Engineering Environment ] ]
e /

| :CAE Engineering View Modeling Platform | : CAE Satellite Tool Kit : COTS Cameo Simulation Toolkit

: CAE Phoenix Analysis Server | : CAE JupyterNB : CAE Phoenix Model Center

: CAE ElasticSearch Indexer 1 ' : CAE Mathematica "' v : CAE Teamwork Cloud

Authoring
Visualization
Analysis
Collaboration
Integration

: CAE MIS Service Workflow

o Relationship
. | | : CAE Tom Sawyer management

Search
: CAE Datahub : CAE PMA | Beyond SySM L

: COTS ModelCenter Execute : CAE MDK

: CAE Doors NG Client ‘ [ i ~ : CAE Collaborator

: CAE Jira Client

: CAE MagicDraw
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' Interactions Between CAE Environments

ibd [Block] OpenCAE Realization [ §55j OpenCAE Realization IBD High Level T

senv : Systems Environment

swenv : Software Environment

[T MMS Model|

{= MMS Model |

MM Model |
i

{EMMS Mode |

“JIRA 'Tickets]

[~ JIRA Tickets |

- Job Request}

eenv : Electrical Engineering Environment

12 April 2018

Connectors
= MMS Service

JMS
EVMP
Git

{ - Job Request|

menv : Mechanical Engineering Environment
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Interactions Within
e ¢’ CAE Systems Environment
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“Vendor Spotlight: Phoenix Integration

: CAE Phoenixz ModelCenter

:E0TS Phoenix Mathematica Plugin
: Parameter Values |l | Parameter 'V ahue s s—

: Anahysis Components : Packaged Phosemnix Workflows

: Analysis Components
: CAE Phoenix Analysis Server

: Packaged Phoenix Warkfiows

: Packaged Phoenix Waorkfiows |
cae mcc @ CAE Phoenix ModelCenter Cloud

|
: Anahysis Components
: CAE Phoenix Analysis Server
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~Level behavior model

Standardized Co-Simulation

The Funchonal Mock-up-Interface (or FMI)
defines a “Standardized interface to be used in
computer simulations to develop complex
cybersphysical systems

Integ ratIOn with System Caeg St fF[—“’ﬁF e oot

ModelExchange CoSimulation

Toolk! simulated in SysML models.

uncin

Engine Gearbox Thermal Automated Chassis components,
with ECU with ECU systems cargo door roadway, ECU (e.g. ESP)

functional mockup interface for model exchange and tool coupling

courtesy Daimler
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Systems Environment Use Case

National Aeronautics and
Space Administration

Jet Propulsion Laboratory

California Institute of Technology
Pasadena, California

Review

Gather
Resources

Develop Systems
Design

Manage
Interfaces

Analyze
System

Use Case: Preliminary Design

cae.jpl.nasa.gov

Publish
System Model

A

Int Synd
nlercaxynaeia No Magic Teamwork

Cloud

Atlassian JIRA

CAE Model
Management System

n
-
wa

IESGEN

CAE Model
Development Kit

NoMagic MagicDraw

2

DataHub MapleSoft
MapleMBSE

IBM DOORS NG

Q

Cameo Simulation
Toolkit

‘v

Phoenix
Model Center

CAE Platform for
Modeling and Analysis

4

Mathworks Matlab

CAE View Editor

%

o AUl
3

w

»

R |

S QUUHIN

Perspectives

Jenkins

Timeline
Management System

(TMS) Elastic Search

The CAE Systems Environment supports systems engineering activities from requirements capture and management, traceable to
architectural and design, and finally a wide range of analysis capabilities, data search, and integration capabilities. 3

¥
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Systems Environment Integrations:
What Has Worked

 Vendor solutions
— Connections between vendor servers
— Managed Services

« Server-side operations preferred
— Easier to update a server than to push clients

« Speak the same language (SysML, FMI)
 Swagger REST API

— Generate Swagger clients for users’ preferred languages
— Enforces OpenAPI on environment services

12 April 2018 For Planning and Discussion Purposes Only 34
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Open Model Based Engineering Environment” 4

 OpenMBEE is a community for open-source modeling
software and models

— Number of open source software activities
— Number of open source models

« JPL is a participant and adopter of OpenMBEE software
and models
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MMS. MDK. and View Editor

=+ -The MMS model repository supports the following features:
— Basic Infrastructure for Version, Workflow, Access Control
— Flexibility of model content
— Support for Web Applications and Web-based API access
— Integration across engineering and management disciplines
« MMS is accessible from:
— Rich SysML desktop clients like MagicDraw (via MDK)
— Light-weight web-based clients like View Editor
— Mathematical computation programs like Mathematica
— Any tool that can utilize RESTful web services

* View Editor enables users to interact with SysML models within
a web-based environment

— System models are constructed, queried and rendered following the
view and viewpoint paradigm

* View Editor implements the MMS REST API to provide a web
environment to create, read, and update model elements
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class Post Segment-Exchange Alignmenf Post-Segment Exchange Alignmeng )

b Model of Document in
raw/Model Development Kit

Post Segment.E xchange Alignment

+pupose of use case wiews
Pupose of use case

“typica] observing parameters wviewn
i ypical observing parameters

wiews
Entrance requirements and
condition:

Model Repository

cExpose oSt Segment Exchange Capture Range Requirement

+entrance requifements and conditions,

Use Case: Post-Segment Exchange Alignment
wviews
Use case activity

+use case activity
CUTS @SUPPORT W FEEDBACK BUAT OASOUT 8 LOGOUT
TASK master + TAG latest +

| eExposes +elmEe <>

e Rendered and editable document in
<time o execute 2.1.6 Time to execute

i g I _ We b | nte rface VI ew E d |t0 r

The table v shows our current bottom-up time estimate for each of the activities that make up this use case. The total time estimate is ~96 (TBR) minutes, which is to be ared

+exit conditions

I«Exposes - «Expose»

| requirement of 120 min (as shown in the figure below)

At Keck, we routinely perform post-segment exchange alignment in 120 minutes o less. However, at Keck the segment shapes are me:
egment shapes in p ure activity and imidiatly
> of

S Post-Segment Exchange Alignment Timing Analysis Results
Duretion Anelysss but adjustment of the segment warping hamesses is manual and occurs the next day. We will measure the TMT s

the segment shapes during the night via the motorized warping hamesses and iterate the control at least once. Given our bottor

lence we can met the 120 minute requirement

ance Requireme
21,6 Time to execute a P R ————

ving parameters
and con
Post-Segment Exchange Alignment Timing Analysis Results

e duration anal

ablocks +TMT Rnquicer
PR M e B st T Post-Segmant exchange alignment time
2 Text = "APS shall be able 1o perform on-axs
S ) alignmentin less than 120 minutes (sta
single elevason angle) when all opscs are
within the post-segment exchange
specificaions.*
THIT 1D = "REQ-2-APS-0016"

ppic : Poak Pow o

THT Rncuaremants

e
APS Oparationsl Biackbox Specification JPL

Text 55
tad for MICS (or ot

P ¢ Pk Pow o Limt
multiple elevation angles.*
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Document Generation Results on View Editor

®  ® [ view Editor | TMT-org

X

< C' | & Secure  https://mms.openmbee.org/alfresco/mmsapp/mms.html#/projects/PROJECT-d94630c2-576c-4edd-a8cd-ae3ecd25d16c/master/documents/_18_0_2_b4c02e1.143517683123... ©+ ¥

VE TMT-org Switch Org

Q Help ~

Project: TMT + @& > m TMT-APS-SE > m TMT-APS Use Cases > lk TMT-APS Use Cases Branch: master ~

@ @x 1 B + 0

e tree

v [ TMT-APS Use Cases
v [ 1 Use Case Introduction
I 1.1 Purpose
I 1.2 Overview
» [ 1.3 Modeling Approach and
v [ 2 Use Cases
v [ 2.1 Post Segment-Exchange
Ik 2.1.1 Pupose of use case
I 2.1.2 Typical observing p
I 2.1.3 Entrance requireme
I 2.1.4 Use case activity
I 2.1.5 Optical Performanc
I 2.1.6 Time to execute
B 2.2 Maintenance Alignment
I 2.3 Rigid Body M3 Alignmer
B 2.4 Off-Axis Measurements
I 2.5 On-Sky Measurement of
B 2.6 Self Test
I 2.7 M1CS Sensor Calibratio
I 2.8 M2 and M3 Rigid Body (
I 2.9 Wavefront Calibration
I 2.10 Pupil Registration Relat
» [ 2.11 Reference Point Trackir
I 3 High Level Activities
» [ 3.1 Acquisition & Guiding
I 3.2 Coarse Tilt Alignment
I 3.3 Rigid Body and Segmen

4 0ad Ba h ng

v v vV vV vV vV v v Ve
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2.1.6 Time to execute

The table below shows our current bottom-up time estimate for each of the activities that make up this use case. The total time estimate is ~75 (TBR)
minutes, which is to be compared with our requirement of 120 min (as shown in the figure below).

At Keck, we routinely perform post-segment exchange alignment in 120 minutes or less. However, at Keck the segment shapes are measured in a
separate test, with each segment measured separately, but adjustment of the segment warping harnesses is manual and occurs the next day. We will
measure the TMT segment shapes in parallel as part of the rigid body and segment figure activity and imidiatly adjust the segment shapes during the
night via the motorized warping harnesses and iterate the control at least once. In addition the CCD read out time for APS is significantly faster then at
Keck, ~10 vs ~55 seconds, given the post-segment exchange alignment takes ~60 frames, this accounts for 45 minutes. Given our bottom up
estimate and our Keck experience we have a high degree of confidence we can met the 120 minute requirement.

bdd [Package] Automatic Duration Analysis[ Duration Analysis - Post Segment Exchangq)

|Explanation Definition

«block»
Duration Analysis Context «analyses»

«block» =
APS Mission Conceptual

Post-Segment Exchange
parts Alignment Timing Analysis
IAPS Operational Blackbox : APS Conceptual [1){redefines aPS Operational Blackbox JPL] Results

I

|

|

|

parts I
analysisDriver : Analysis Driver I
|

|

|

|

|

values
maxPhasingTime : s = 300.0{redefines maxPhasingTime}

I «satisfy»
|
\2

|
|
|
|
|
|
|
|
|
|

For Planning and Discussion Purposes Only



% MagicOraw 18.5 - OpenSE Library.mdzip [/Users/sherzig/Downloads{JPLSECookbook{]

” 18y - ! [FiCreate Diagram @ % APS Maintenance AL.. [ I P “Cookbook,, for modeling

- _system of interest_ Ope.. X

| [ e e e methodology & patterns *;

3 OUSEM_Project_Template
#~[] 01_Where to start ablocks
_systom of interest_ Operational Domain

i

.

-" ¥
1 Comment . - v

- [ ablocks [ eblock ablacks
# Problem JPL Rules. Stakeholder _system of interest_Mission

% Rationale
& Element Gr...

Constraint v
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£ Domain Facans Software Developer |
B2 Relations E Block i
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= Flow Speci...
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2 Requirements...
[ Requirement
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. Copy
I Trare
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Use Case Di

COOKBOOK FOR MBSE WITH SYSML
1

&% Logged in as sherzig [twc.openmbee.org:8080]

Template models to be used by projects
as a starting point, with recommended S ——

ZEUS is one of the evaluated phasing sensors (Figure 5) and is based on the modified Mach-
Zehnder interferometer phasing sensor. It is mounted on a breadboard and consists of a shutte
cover, a color filter wheel, a neutral density filter wheel carrie:

O rg an i Z ati O n y m O d e I I i b rari eS y etC . ramsrrspliaanien] spedarbiedag “ o —

The two fiter wheels located after the phase m
© A noutral Der or whoo!. o 2 o able

wavelengths and

An optical filter
with difforent be
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Ing Patterns Development

. p— Project-specific modeling
it a T s e o e . o i patterns for common - .
modeling tasks

e bt 4.2.2 SysML Examples

[ 1 Pattern Synopsis

Our example imagines two functions related to health monitoring of Apollo 11 astronauts. We have chosen to work at a high level of abstraction in this
example, using “health info" as the information we wish to convey bef n functions. We kno sh to do measurement of astronaut h
to analyze that health information. The necessary model el its are identified below

AL Implementation
& 4.2.1 Embedding

Dealth out : Heatn Measurem

Cancept B
i s
Pasameougn
B

Our "measure’ function produces health information, and our analyze function consumes it. This is encoded by the presence of ports on the functions
funar b intarchanna noints with *health info” messaoe tvoina the flow proerties. The directions of the oorts match the directions of the flaw

L
Gancapt 81

Project-independent modeling
patterns as guidelines from
overarching line organization I
- = =

14.image
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:

JPL SE Cookbook

« .+ Collection of processes, practices, patterns to support
Systems Engineering with model based technigues
specific to JPL

e Organized according to 10 JPL SE functions

* Provides a set of SysML libraries, e.g. WBS Elements,
Project Roles, Functional Elements, Model structure

View Editor @ DASHBOARD B3 SHORTCUTS @ SUPPORT

W JPL Systems Engineering Cookbook » [l JPL Systems Engineering Cookbook - DRAFT
as 12 +8

bdd [Package] application [ [ ] Application ht:rury]/
o+ alR=

- ablock»
iiter items in the tree 0 Comments «iibrary:Functionals

Electrical Energy Storage «blocks

«library:BehavioralAspects «blocks «library:BehavioralAspects

Inertial Body «library:Functional» Power Load

J P L Syste ms E n g | nee ri n g COO kbOO k | store electrical energ): w’z electrical energy e inBody | i j——owsrfoad | e

storage capacity
3 - Analyze and Chal rize the Design
| Resource and Performance Management
nterfaces

Verification and Validation

Enninsarina

B3 Project Personnel

B3 Proje
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TMT MBSE Objectives

« Define an executable SysML model

« Use the model to analyze the system design and verify
requirements on power consumption, mass, duration,
pointing errors, etc.

« Produce engineering documents
— Requirement Flow Down Document
— Operational Scenario Document
— Design Description Document
— Interface Control Documents

 Use standard languages and technigues, and COTS tools
where practical to avoid custom software development
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Modeling Approach

* Object-Oriented Systems Engineering
Methodology ( ), but with additional
activities focusing on building an executable model

* Use case driven model development

* Challenges:

— JPLiIsa for a number of subsystems of the
TMT (the )

— Model is used by a number of teams, including TMT

12 April 201% At For Planning and Discussion Purposes Only



Analysis of Architecture

and Design

Explanation Definition

Analyze Conceptual Design

«E xplanations Post-Segment exchange alignment time

Duration Explanation Text = "APS shall be able to perform on-axis
alignment in less than 120 minutes (at a

ppis : Peak Power Limit Requirement JPL

PEAS2M1CSOut APS to M1CS interface i eblocks
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Max duration Post-segment exchange: £260s 5000s: -= = =

Number of exposures of 45s 4 6
OCD, Requirements, ICD, DDD

Max peak power consumption in dome: 8.5kw 8-1kw
Number of motors with 50W 10 12
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NIWAREWAIES

* Run a configured analysis with a simulation engine
on the initial conditions to get the final conditions

* Produce the following views on final conditions

— Table showing final analysis values (e.g., peak power) and
the constraint’s pass/fail status for each scenario

— Timelines: state changes for components over time
— Value profiles: total rolled up values over time
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Package Organization

£ DECPS
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[ Fadilities COperational

3 rstumens <ork e abstraction layers | | 7R, .,

51 Conceptual
-f1 Realization Design

[ Domain
[ Mission

[ Realization Design

Customer / supplier

relationship e e e f] Work breakdown
structure
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Operational Domain

bdd [Package] Domain[ APS Dperatinnal_,[]-nmai_n”

wblocks
APS Operational Domain to-be

;

wblocks wblocks
APS Mission External Environment

Definition of ublocks «blocks
Operational domain Induced Environment Matural Environment

as in accordance with '|' ]'_

OOSEM approach

ablocks ablocks
Atmosphere StarLight

y i . .
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APS Mission —
Operator | 1 Modeled high-level

| behavior of interfacing

| components

TMT specification /

handed to JPL
\ —— i APS Black

APS Mis | |- Box

Yablocks
APS Black Box Specification TMT

Pk

X

wblocks

APS Operational Blackbox
Epnclﬂcallnn JPL

PEASZCSI

\ k] Interfaces
JPL realization between APS
of APS s 1 and other
| " et subsystems

Other TMT
Pl Subsystems

y = . .
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Formalizing Requirements

bdd [Package] Domain[ APS Operational Blackbox LJ

sblocks

Fi3

wblocks

APS Operational Blackbox
Specification JPL

i

wSpecifiess
APS Black Box Specification TMT = — — —

«TMT Reguirements
Post-Segment exchange alignment time

Text = TREQ-2-AP5-0016] AFPS sha
perform on-axis alignment in less tha

(at a single elevation angle) when all loptic:
the post-segment exchange specifications. ™
TMT ID = REQ-2-APS-0016"

T

Iocreﬁne:c-

|
ablocks

On-axis alignment maximum time for Post
Segment Exchange JPL

postSegXchgTimelimit: second | 7200

sblocks ablocks

Mathematical
re-formulation
of requirement

wconstraints
MaxTimeConstraint

{p1<=maxTime}

woosem:physicals

/ APS Conceptual
APS Realization

maxTime : Real
pl: Real

For Planning and Discussion Purposes Only




Use Cases

uc [Package] Operational Use Cases [ Use Cases ]/_I

APS Mission Use Cases

Off-Axis
Post-Segment R e Maintenance

| Exchange Alignment ,'I \ WFE ’ Alignment Align M3

«include» /

Rigid Body and \
Segment Figure ] Acquisition
correction ' \

Use case scenarios drive
development of TMT APS
system model

Calibration of \ ‘ » /" Calibrate elevation ,
Camera Pointing \ { Collect Reference dependence of M2 | |
Offsets Beam J \ and M3 A

Calibrate APS bl‘.

«include» , ~————<ginclude»

— K N —

Calibration pupil
locations
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Conceptual Architecture

wensr

APS conceptual is
broken down into
several components

Procedure
Executive
Analysis
Software
(PEAS)

[T ——

= = Behavior of all
components modeled

& '. -’ :
Vo i
s 2
o=
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Modeling Behavior

Coarse Tilt Alignment

initTimer
> do / Coarse Tilt Alignment

¥
1

only acquire new star, don't guide. no
PIT tracking

Finished / diffTime X Broad Ba

Post-Segment Exchange Alignment

(“act [Activity] Find and identify[ Find and idenfrryu

~| do / Broad
I -
(‘act [Activity] Coarse

—

walueSpeciﬂQ

Correcting Rigid Body and Segmen
Figure Iteration 1

do / Rigid Body and Segment Figure correction

Narrow Band Phasing

do / NarrowBand Phasing -~ — —

guide on curré

tracking

-

Finished / di

SH-0

avalueTypes
shimage : SH_Ilmage

{desiredSHh

-

desiredSHE

MT's excel table

A}
Ay

Author: bseo Version:

Modification Date: 4/25/16

207 PM Completion Status:

Reviewed by:

Last Modifed by: sherzig

\

Execute Find

shimage and Identity
Al

centroidMap

{10s..10s}

avalueTypes

centroidMap : CentroidMap

e
TBD: Get SH Image
back; output SH Image;
Infout for F&I; Cale offsat
based cn map & ref

Ay

wvalueSpecifications Ay
NPH-1/BB-30

Operational
behavior

captured with state

result

il
«readStructuralFeatures : Find and id§ntify

PhasingDit

iobject
result

W
: Take SH Expglure

th

th
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: Adjust Position
According to Spiral
Search Pattern

: Throw Telescope
Alignment
Exception

th

T
|
|

: Move to
Previous MACS
Configuration

th th

7 g
| |
|
|

[i >= maxSearchCircles] |

W
: Display Results to AP
Operator

i
: Ask OP to Send
Segment PTT

|decision

Send
Segment<_=
PTT




Interactions Between Components

Active

Gat SH CCD Temperture_q_ueryﬂet”m CCD Temperature

wait1 5 - =
(;C_SH_Cmd_CompIeieme / SendAck_CCD_temperature

P EAS CO n text - Select SH_Pupelru’ask_C::rnd Change Pupil Mask

ye entry / processMask
¢C_SH_Cmd_Completedd, / send_Ack_Select_PM

|"'act [Activity] Take SH Exposure Take SH Exposure_]J
[
wvalueTyper .

dit : Integer |
SH_Take_exposure_Cmd Take Exposure
, = Or GH Cod Comalet !/ processE xposure
=t =

do / SendAck_Takg_Exposure

k 8
5H_Take exposure_Cmd _Take exposure_Ack

On Port = 1 PEAS2SHOUL mee <\
T |

'J.ac:t [Activity] SendAck_Take_Exposure] Send.&dga ke_E xposure;)

i
SH Take Exposure

{ditSetup 5. ditSetup s}

W
Read Out Detector

{10s..10s}

W
5H_Take exposure Ack

Use of signals sent over ports to = MeasRort = J1CC_SHZPEASOU

W

simulate a message passing s [
mechanism between components s Also across subsytems!
s (e.g., APS to M1CS)

ELN
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Verifying Timing Requirements by Simulation

bdd [Package] Automatic Duration Analysis[ Duration Analysis - Post Segment Exchange U

par [Block] Post-Segment Exchange Duration Scenario] Post-Segment Exchange Duration Scenario Analysis LJ

|IEx|::Ia|_1£tion Definition
*aPs Mission Conceptual : APS Mission Conceptual

-xblpck:_o APS Operational Blackbox : APS Conceptual [1]

Duration Analysis Context

peas : Procedure Executive and Analysis Software

_ . . . = wequals
analysisDriver : Analysis Driver tFinal : Real

on-axis alignment maximum time for Pest Segment Exchange JPL.postSegXchgTimeLimit : second

weguals

maxTime : Real pl : Real

wconstraints
on-axis alignment maximum time for Post Segment Exchange JPL. postSegmentExchange : MaxTimeConstraint
{p1<=maxTime}

riy

[ |

wblocks
Post-Segment Exchange Duration Scenario

rost-Segment Excrangs Duration scenaril | | ANalysis context aggregates conceptual
model, binds formalized requirement,
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Verifying Timing Requirements by Simulation

bdd [Package] Automatic Duration Analysis| Duration Analysis - Post Segment Exchange ]J

sd [Test Case] Post-Segment Exchange Duration Scenario[ Post-Segment Exchange Duration Scenario ]/]

wblocks
Duration Analysis Context

analysisDriver : Analysis Driver aPS Mission Conceptual.APS Operational
Blackbox.peas : Procedure Executive and
Analysis Software

oy . ) wblocks = wblocks
analysisDriver : Analysis Driver

wanalysess

\nPE
| |

Use case initiated
with same message
amives| 0ASSING Mechanism

{60s}

rain
T 2: Post-Segment Exchange Alignment

wblocks
Post-Segment Exchange Duration Scenario {7201s..7201s}

Post-Segment Exchange Duration Scenarios
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Verifying Timing Requirements by Simulation

("act [Activity] Coarse Tilt Alignment[ Coarse Tilt Alignmenty

«valueSpecification» «valueSpecification»

true false
«valueSpecification»

SH-0
J/doAcquisition | \LdoStartPITTrack

Vs

Ldes"edSH"“aSk . Setup APS, Acquire and Start Guiding

th doGuide «valueSpecification»
R —

desiredSHFilter false

EEE—

TBD: Get SH Image i=1;

back; output SH Image;

Infout for F&I; Calc offset

based on map & ref |

X : Throw Telescope
Alignment
Exception

«valueSpecification» \
NPH-1/BB-30

: Take SH Exposure
rh |

: Adjust Position
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Verifying Timing Requirements by Simulation

. - postSegXchgT . ) postSegmentE
«TMT Requirements :secon A e : MaxTimeCo

Post-Segment exchange alignment time

>

FILIET © AFD IVIESSTOTT WO TS P

. |the post-segment exchange specifications. ™

1 TMT ID = REQ-2-APS-0016" [nckbox: APS Conceptual [1] | Constralnt IS elther
. violated or not

peas : Procedure Executive and Analysis Software

tFinal : Real

on-axis alignment maximum time for Post Segment Exchange JPL.postSegXchgTimelimit : second

aeguals

maxTime : Real p1 : Real

«constraints
on-axis alignment maximum time for Post Segment Exchange JPL.postSegmentExchange : MaxTime Constraint
{p1<=maxTime}
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“Static” Rollup Analyses — Example: Mass

Use subsetting to identify
association ends as
wblocks «HW Components memberS Of “SUbMaSS”

MassRollUpPattern 8H

bdd [Package] Rollup Pattern[ Mass Roll-up Pattern u

SUM ; TﬂtaIEhiId-re-n - ?

totalMass @ kg r {subsets subMass, subsets subPower}

mass : kg [1] = 0.0 «HW Components {subsets subMass, subsets subPowar}
Rotational Filter Wheel «HW Components

Pupil Wheel

mass : kg [1] = 13.00

par [Block] MassRollU pF‘atl&rn [ MassRollU pFan&rn y

subMass : MassRollUpPattern [*]

ltotalMass : kg

P

aconstraints «equal» MtotalMass @ kg

Parametric diagram A gum: Totaicnicren | tolsi

captures analytical 1 —
relationships | Similar patterns for

z power, error rollup, ...

i \‘:\
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Conclusions and Summary

« JPL is successfully applying Model-Based
Engineering over numerous projects

* There has been tremendous progress in
tools and methodology In recent years

. The paradigm shift Is manifesting in a vibrant
pen-source community of practitioners from
ound the world
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Open CAE Commodity
» Unified Experience - Exch@tﬁ?erat'()ns

provides unified experience wi
web services and apps for CAE
users

* Pipline - Software pipeline
manages automated provisioning
of Engineering Discipline tools,
Web Services, Exchanger, and
Apps for CAE and Flight Projects
consistent with devops
architecture

« Data Center provides commodity
resources and facilities Open CAE Data Center
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Environment for SE




Model authoring (description)

— Engineering tools
« Magic draw/data hub/simtk
* Phoenix Model Center/cloud
e Syndea
* View editor
* iPython
« Maple/modelica
« Mathematica/modelica
« Matlab/Simulink
* Doors ng
« Stk
* raven



analysis

« System analysis — platform for model analysis
(PMA)
— Service for Cl-oriented batch/large scale analysis
— Web service wrappers

— Configured for cae analysis tools
« Sim tk/data hub
* Phoenix
« Stk
* Ipython/python/code
« Matlab, maple, Mathematica
* Syndea









Semantic web centric architecture
— We don’t architect with semantic web as the foundation
— Web services, models and graphs

— We don'’t consider any language technology or model as dominant — just web services and
models

Domain specific languages, embeddings

— We have centralized domain specific language support for custom jpl modeling languages

— Users accomplish this in a variety of non-standard ways focusing more on evolving
Platform-specific Custom application support

— We don't see need for desktop oriented custom software oriented around 1 specific platform

- Vr\1/e do sdee a need for custom light weight web apps using a variety of technologies based on
the needs

— We see a broad need for web services access for data manipulation, analysis etc
We don’t see Engineers working directly in OWL/OML

— We see Engineers working with Modeling languages but customized to their needs.

— Executable designs are the strongest drivers in the community of CAE users



Ontology Authoring

« Cameo Concept Modeler provides full
ontology modeling and checking

« IMCE Potential
 OML Modeling
 OWL Modeling and Model-Checking
 Profile Generation



Design Authoring

MMS can store semantic models in EMF
. Could add RDF level access
. AWS Neptune has RDF built in - planned
. Has API for analysis extraction etc
. Element level versioning
. Branching capability
. Visualizations with Tom Sawyer, D3 and open framework for more
. Technical search
Commercial Authoring Tools have rich integration
. Don’t require OML adapter — benefits of such adapters are unclear
. Large number of commercial integrations exist and are expanding every day
. The commercial integrations a detailed and polished
. Many IMCE embeddings in CAE tools break tools full capability
. Concept Modeler is available for ontology modeling with rules checking
Commercial Ontology Authoring
. Cameo Concept Modeler provides full ontology modeling and checking
. Fully compatible with OML
Integrated Analysis
. Jenkins based batch automation
. Fully integrated Analysis for co-simulation, flat-parameter numerical analysis, web-services with batch capability
Rich Document Generation and Reporting with Interactive Authoring
. Ve docgen
. Full web based interactivity including authoring



Integration and Integrated

« Commercial Authoring Tgﬁavrylg 'Stegration
* Don’t require OML adapter - i (L uch adapters are unclear

« Large number of commercial integrations exist and are expanding every
day

* The commercial integrations a detailed and polished
« Many IMCE embeddings in CAE tools break tools full capability

« Concept Modeler is available for ontology modeling with rules
checking

* Integrated Analysis
* Jenkins based batch automation

* Fully integrated Analysis for co-simulation, flat-parameter numerical
analysis, web-services with batch capability



Test VnV Process

MMS can store semantic models in EMF
. Could add RDF level access
. AWS Neptune has RDF built in - planned
. Has API for analysis extraction etc
. Element level versioning
. Branching capability
. Visualizations with Tom Sawyer, D3 and open framework for more
. Technical search
Commercial Authoring Tools have rich integration
. Don’t require OML adapter — benefits of such adapters are unclear
. Large number of commercial integrations exist and are expanding every day
. The commercial integrations a detailed and polished
. Many IMCE embeddings in CAE tools break tools full capability
. Concept Modeler is available for ontology modeling with rules checking
Commercial Ontology Authoring
. Cameo Concept Modeler provides full ontology modeling and checking
. Fully compatible with OML
Integrated Analysis
. Jenkins based batch automation
. Fully integrated Analysis for co-simulation, flat-parameter numerical analysis, web-services with batch capability
Rich Document Generation and Reporting with Interactive Authoring
. Ve docgen
. Full web based interactivity including authoring



Integrated Data Resources

MMS can store semantic models in EMF
. Could add RDF level access
. AWS Neptune has RDF built in - planned
. Has API for analysis extraction etc
. Element level versioning
. Branching capability
. Visualizations with Tom Sawyer, D3 and open framework for more
. Technical search
Commercial Authoring Tools have rich integration
. Don’t require OML adapter — benefits of such adapters are unclear
. Large number of commercial integrations exist and are expanding every day
. The commercial integrations a detailed and polished
. Many IMCE embeddings in CAE tools break tools full capability
. Concept Modeler is available for ontology modeling with rules checking
Commercial Ontology Authoring
. Cameo Concept Modeler provides full ontology modeling and checking
. Fully compatible with OML
Integrated Analysis
. Jenkins based batch automation
. Fully integrated Analysis for co-simulation, flat-parameter numerical analysis, web-services with batch capability
Rich Document Generation and Reporting with Interactive Authoring
. Ve docgen
. Full web based interactivity including authoring



How Could CAE be Used

MMS can store semantic models in EMF
. Could add RDF level access
. AWS Neptune has RDF built in - planned
. Has API for analysis extraction etc
. Element level versioning
. Branching capability
. Visualizations with Tom Sawyer, D3 and open framework for more
. Technical search
Commercial Authoring Tools have rich integration
. Don’t require OML adapter — benefits of such adapters are unclear
. Large number of commercial integrations exist and are expanding every day
. The commercial integrations a detailed and polished
. Many IMCE embeddings in CAE tools break tools full capability
. Concept Modeler is available for ontology modeling with rules checking
Commercial Ontology Authoring
. Cameo Concept Modeler provides full ontology modeling and checking
. Fully compatible with OML
Integrated Analysis
. Jenkins based batch automation
. Fully integrated Analysis for co-simulation, flat-parameter numerical analysis, web-services with batch capability
Rich Document Generation and Reporting with Interactive Authoring
. Ve docgen
. Full web based interactivity including authoring









INCOSE Telescope Challenge team -
OpenSE Cookbook

Challenge Team: Demonstrate benefits of MBSE with SysML as the basis for integrated
engineering and management of complex systems

— Optimization, standardization, automation

— Better system understanding through simulations and analyses

— Early efforts go a long way (reduced risk/cost, expand knowledge)

—  http://www.omgwiki.org/MBSE/doku.php?id=mbse:telescope

Cookbook: New revision of OpenSE Cookbook for MBSE with SysML
— Practitioner oriented

View Editor

— Best practices to support common SE tasks B OperE Cookbook > [l OperSE Cookbook
. . EE& 1 B +0
— Patterns and practices for model construction and analy ... . s tems i e vee N
. v K en. ookbool Ik
— Express system concepts to diverse stakeholders i

OpenSE Cookbook

I 2 Project Description

— Current revision: http://mbse.gfse.de/documents/fag.htr  wswsse coas

B 4 Model Organization

INCOSE SEBoK TMT Case Study for Fall 2017 publi , &t i

I 7 System Views

Ongoing collaboration in telescope community R & Recrement s uee e ocelng
. B 10 Interface Modeling
Using TMT as reference model for OpenSE Cookboc » &iomemesen
- - ‘ 13 Integration with other disciplines
Provide input to SysML 2.0 RfP B vanamiboeng

i 15 Cross-Cutting the Model & Traceabilit
I 16 Domain Specific Model Extensions

Open Source b B 17 Doccen

B 15 References


http://www.omgwiki.org/MBSE/doku.php?id=mbse:telescope
http://mbse.gfse.de/documents/faq.html

Executable Models

* Most SysML models today are created for
documentation purposes
— The focus Is on syntax and notation

 Some SysML models are created to gain
system understanding, explore and
validate desirable or undesirable
behaviors of a system

— The focus Is on semantics




Object Oriented System
Engineering Method
Defines the architecture in terms of:

« Domalin: the context of the solution

— Enterprise: the ecosystem of the solution

« System of Interest: the solution being specified
— Black Box: externally visible specification
— Conceptual: white box functional specification
— Physical: white box realization specification



Model Execution

» Executable SysML models are defined with a
subset of the language with well defined
execution semantics
— The subset is called Foundational UML (fUML)

— SysML inherits the fUML subset from UML

» SysML models are executed with the help of
an execution, or simulation engine

— Ex.: NoMagic’'s Cameo Simulation Toolkit (CST)



Cameo Simulation Toolkit (CST)

* A plugin to MagicDraw SysML modeling
tool

* A simulation platform based on fUML and
plugs In additional execution engines
— State Chart XML (SCXML)
— Scripting for the Java Platform (JSR 223)

— Precise Semantics of Composite Structures
(PSCS)

— Precise Semantics for State Machines
(PSSM)



Complexity of TMT

« The Thirty Meter Telescope (TMT) is no different than
other complex systems of systems

e We still need to apply core SE processes

e Difference: telescope community is historically
unfamiliar with formal Systems Engineering



TMT Key Science

Nature and composition of the Universe
Formation of the first stars and galaxies
Evolution of galaxies

Relationship between black holes and their
galaxies

Formation of stars and planets

Nature of extra-solar planets

Potential of life elsewhere in the Universe
Unforeseen discoveries...



TMT Project

=@ - TMT Project formed in 2004
P | « TMT Iinternational partnership
grew
— US (Caltech & UC), Canada,
China, India, Japan
e 2004 — 2008 site studies
— Chile, Mexico, Hawalii
 Mauna Kea, Hawaii selected In
2009

e 2014 start of TMT Construction
Phase




TMT Site

e Alternate site:

o Observatorio del Roque de
los Muchachos (ORM) on La
Palma in the Canary Islands,
Spain

~« Preferred site:

— Mauna Kea on the Big
Island of Hawaii, United
States

o

.': I
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.
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TMT Enclosure

Calotte design ® Aerodynamic design minimizes
degradation image quality due to air

Azimuth r lon on fixed :
uth rotation o turbulence and thermal influences

base ring

Rotation of cap structure
on tilted bearing ring

© Smooth exterior
Minimal size aperture
Aperture flaps
Ventilation doors

0O O O




TMT Structure

Elevation structure
— Mounting support for optics
and laser guide star facility
Azimuth structure

— Supports elevation structure
and 2 large Nasmyth platforms
for instruments and AO
systems

Elevators, stairs, walkways,
and all utility lines




TMT Optics

3x larger, 9x more powerful
than today’s best telescopes

Ritchey-Chrétien design
Segmented primary mirror
(M1)
— 492 segments, <2 m across
— Collects/concentrates light
Secondary mirror (M2)

— Works with M1 to form well-
corrected focus

Tertiary mirror (M3)

— Steers light to adaptive
optics system and science
instruments on Nasmyth
platforms

l Mirror Path 4




View from Sky

Primary Mirror (M1) Gl

Segmented primary mirror
— 492 hexagonal segments
— 1.44 m across corners

— 2.5 mm gaps (0.1 in, 0.6% lost
area)

— Thin glass (~2 in) reduces mass
and thermal inertia

Reduces difficulties:
— Fabrication

— Testing

— Transportation
Reduces risks:

— Breakage of single segment is
less catastrophic

Moderate cost and complexity



»
*
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»

Secondary and Tertiary Mirrors
M2 and M3)

% Secondary Mirror (M2)
ALK : — 3.1 m convex hyperboloid
mirror
— Mounted to telescope top end

o}
o}
e

e Tertiary Mirror (M3)
o 2.5 m x 3.5 m flat steerable mirror

o Rotates and tilts to deliver image
to instruments on Nasmyth
platforms

o China (CIOMP) is responsible for
design and fabrication




Segmented Mirror Control

® Segmented M1 must perform like a single, smooth mirror to
provide optimal image quality
o Coaligning: stacking images produced by each segment to form single
image
o Cofocusing: focal lengths of individual segments are equal
o Cophasing: no discontinuities between edges of neighboring segments

® If not phased, image quality = that of individual segment
F F F

cophased

N

—>

->

Parent
mirror

‘\
-
-
-
--------

Coallgnlng Cofocusing Cophasmg PSF

_bl
unphased /
_’.4




Alignment and Phasing System
(APS)

Alignment and diagnostic
Instrument located on a
Nasmyth platform

Modified Shack-Hartmann
wavefront sensor

Responsible for pre-adaptive
optics wavefront quality

Uses starlight to measure
wavefront errors and determine
commands to send for aligning
optics




Typical Analysis Activities
Using ESEM

Capture operational use cases with estimated durations of actions,
e.g.
— Post segment-exchange alignment: requirement: 2h; CBE
1h19m

Capture power and mass characteristics of components

|ldentify involved subsystems, e.g. Telescope Control System
(TCS), M1 Control System (M1CS)

ldentify interfaces and interactions among subsystems
Analyze associated scenarios

Automatically verify system requirements are satisfied
Derive requirements for TMT subsystems

Develop/refine timing requirements for algorithms, internal and
external interface commands

Monte Carlo simulation of expected timings and variants for
operational scenarios



MBSE: TMT Application

e Why MBSE?
o Emphasizes rigor and precision, best practices
© Helps manage complexity
o Horizontal (life cycle) and vertical (multiple domain) integration

e TMT SysML model

o Created to better understand and communicate complex system
behavior

o Executable SysML model to capture requirements, use cases, system
decomposition, subsystem relationships

o Analyze system design against power, mass, duration requirements
o Produce engineering documents (ICDs, etc.)
o Use standard language and techniques (communication)



MBSE: TMT Application

TMT SysML Model does not model the entire telescope

Main objective is to model operational scenarios and
demonstrate that requirements are satisfied by the
design

Motivator for TMT MBSE = optimization

Ex: JPL modeling of APS subsystem
— Use Case: Post segment-exchange alignment, 2h requirement

— Component characteristics (power, mass)
— Relationships (TCS, M1CS)

Ex: Monte Carlo simulations for acquisition and slew time

— To minimize loss of observing time, TMT should be able to move
from one target to another and acquire it in 3 min or less



Solution: Hybrid Approach

« Traditional SE - MBSE
— Clear, defined deliverables — Understanding behaviors
— Easily accessible of a system

— “Rich” capability to
represent complex
systems

— Shallow learning curve
— Simple traceability

approach



TMT MBSE Objectives

Use MBSE to define executable SysML model that
captures requirements, operational scenarios,
behavior, system decomposition, relationships and
between subsystems, etc.

Use the model to analyze the system design for
— Power consumption, mass, and duration/timing
— Error budgets

Produce engineering documents

— Requirement Flow Down Document

— Operational Scenario Document

— Design Description Document

— Interface Control Documents

avoid custom software development



/




Model Organization &

Package Structure
* Organizing principles

— Customer/Supplier relationship

— Work Breakdown Structure

A, SR SR mmm— B =m
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Executable System Engineering

Ste
Ste
Ste
Ste
Ste
Ste
Ste

0 1.
0 2:
0 3.
0 4.
0 O.
0 O:

0 [

Method (ESEM)

Formalize Requirements

necify Design

naracterize Components
necify Analysis Context

pecify Operational Scenarios
pecify Analysis Configurations
Run Analysis

nwoumuowmonoom




Step 1: Formalize Requirements

* Requirement Pattern

— Customer Side
« Define the textual requirement with a Requirement

« Optionally define a design black box specification with a
Block with relevant value properties

« Optionally refine the Requirement with a Constraint
Block on the black box design Block
— Supplier Side

« Define a design black box specification with a Block
(that refines the customer’s black box Block if any and
provides tighter property values)

» Refine the textual Requirement by a Constraint Block (if
not already defined by the customer)



Step 1: Formalize Requirements

req [Package] Power Requirements| Power Requirem entsﬂ
wr -~ -~ -~ -~ - - - - - - -"---7-"">">""""">"=>""""""""=—-"-=-"="=~"=""=""="="==~"="=="="=""”>"=7= \
|
|
| Fhocs Ehiocke comment comment: :
«! 3 « B
ification TMT ower Limit irement T I
| B8 = toxSpeciication pplc HeskE £ Bequs M | Upper bound as The requirement specifies
| poverPeakLimﬂEndosJ:e 'v’v R0 i —~ |specified by TMT the powerPeakLimit value I
e SN 0 2 property. It specifies the |
[ poverPeakLimitSummitF aciltyBuildingsW = 4200.0cf ~ ~ . upper bound of power :
| e yay | -~ :re fine» consumption
«refines = |
| | ~ I
= |
I 4 iy | |
| «0ObjectPropertiess «0bjectPropertiess
| «TMT Requirements «TMT Requirements |
| Peak Power inside the Summit Facilities Building Peak Power inside the Enclosure |
Text = TREQ-2-APS-0028] APS shall have a Text = TREQ-2-APS-0023] APS shall have a peak |
| peak load inside the Summit Facilities Building load inside the Enclosure of lessthan 8.5 kW. ~ |
| of less than 4.2 kW."” =T
| / |
e L L s e i s mates mia oo o2 !
[#eL ablocks ablocks -y |
g z 9 ppls A = arefines
| APS Operational Blackbox Specification JPL Peak Power Limit Requirement JPL y <comments |
| values Upper bound as specified
powerP eakLimitE nclosure: W = 8100{redefines powerP eakLimitE nclosure, unit = wati} 4 (- i b)’;’gupplier. To bepshovm I
| powerP eakLimitSummitFacilityBuildingsW = 4100.0{redefnes poverPeakLimitSummitFacilityBuildi [ att} by analysis that the |
| as-designed value |
| enc facility’] satisfies it |
| par [Block] Peak Power Limit Requirement JPL Peak Power Limit Requirement JPy «xconstraints |
| Peak Power Load Constraint |
| p:W p:W o 3ints «comments |
| (=] (=] {p<requiredPeakLimitLoad} — —|This constraint |
| «constraints «constraints parsmeters specifies formally
enc : Peak Power Load Constraint facility : Peak Power Load Constraint piwW i fhe upperhoung. |
I {p<requiredPeakLimitLoad} M {p<requiredPeakLimitLoad} requiredPeakLimitLoad W |
I [ - — ' [
| requiredPeakLimitLoad : W requiredPeakLimitload - W |
| [
l [
| I powerPeakLimitE nclosure : W = 8100 ‘ powerPeakLimitSummitFacilityBuildings : W = 4100.0 |
l [




bdd [Package] Timing i Timing i 3J

|TMT
«ablock» «TMT Requirements
I APS Black Box Specification TMT Post: i time
! | pans Text = TREQ-2-APS-0016] APS shall be able
| ppic: Peak Power Limit Requirement TMT to perform on-axis alignment in less than 120
| minutes (at a single elevation angle) when all
| optics are within the post-segment exchange
specifications. *
| TMT ID ='REQ-2-APS-0016"
Vv | | RV 275yt e L e ——
D B e P e S B S P P P P R PO P e e 2
|PL |
| ! | «TMT Requirements Create  second |
I APS 2 ification JPL | block with a valu:: |
e | Text = "Discussion: This does not include any time &mp’“;’e:":t: |
| S P eak et it Requirement JPL. arefines  |needed for M1CS (or other) sensor calibrations at (IRIRREN B |
4 | 3 = & create parametric
| muttiple elevation angles. dia etc. (fo
proxy ports | gram, etc. (for |
| PEAS2M 1CSOut APS to M 1CS interface T maintenance?) |
PEAS2TCSIn | |
| «refines
PEAS2TCSOut |
I PEAS2ESWin ' | «constraints |
| PEASZESWOut ! I MaxTimeConstraint
| PEAS2M1CSIn | | = |
APS2Userin «block» o X b |
| APS2UserOut On-axis ali e forPost il s=mex e} |
| JPL : parameters
T e XTime: Real |
' imeLimit second = 7200{unit = seconc} pliReal I
| timeC |
|
| ablocks !
i i Time !
[ maintenance alignment maximum time IR |
| i imeLimit = 1800.0{unit = second} |
' |
I «blocks |
I M3 Alignment Maximum Time |
| m3 Alignment Maximum Timg s |
| m3AlignmentTimeLimit second = 36000.0{unit = second} i
|
|
| «blocks |
| Off-Axis Acquisition Maximum Time |
off-Axis Acquisiti dmum Time
| values |
| offAxisAcquisitionTimeLimit: second = 36000.0{unit = second}
|
|
|
| «blocks |
Warping Hamess Maxil Ti
| warping Hamess Maxi Tit £ &) AL |
| values
| warpingHamessTimeLimit: second = 36000.0{unit = second} |
|
|
| «blocks |
| self Test Maxi Tan Self Test Maximum Time |
values |
| selfTestTimeLimit second = 1000.0{unit = second} )

par [Block] On-axis alignment maximum time for Post Seament Exchange .ln On-axis alignment maximum time for Post Segment Exchange JHJ

«constraints
- MaxTi
O O {p1<=maxTime},
maxTime : Real p1:Real

«equals

| postSegXchgTimeLimit - second = 7200 I




Step 2: Specify Design

* Follow OOSEM to define two white box
designs which specialize the black box
design
— Conceptual Specification
— Realization Specification

* Decompose the white box designs into
Blocks representing the subsystems



Black Box Desig

Lmcztes

Project level
components
communicate
with APS black
box block

_. Operato

Model

_g—

w»:
APSalsain)

e Common Services

APS Black Bo

GCDatain

eiksacsin

ESW2TCSOf




Step 2: Conceptual Design
Model

Communication between state machine specified components over ports



Step 2: Realization Design

«Diagram Descriptions

bdd [Package] Realization Design APS Realization StructureJ M O d e I

wblocks

APS Operational Blackbox Specification JPL

wblocks

aoosem: physicals
APS Realization

sumimit Installation

wblocks
woozem:node physicals

Summit Installation

comp uter!E-

acystem Components
Control

!

«HW Components
Computers

ws¥ Components
Software

dome Installation

wblocks
zoozem:node physicals

Dome Installation

ing |{subsets subM ass, subsets subPower}

waystem Components
Instrument

APS Optical Bench

APS Electronics Rack

Optical Bench

«HW Components

System Decomposition Hierarchy

«HW Componenits
Controller Rack

a3V Components
ICS

¥

«HW Components
Computers

«SW Components
Software




Step 2: Realization Design

«Reviewers
aviews
bdd [HW Component]Controlier Rack] Controller Rack Structurere

APS Realization APS Realization Structure

«HW Components
Controller Rack

PIT CCD s
- Camera Ctrl

SH Filter «HCD» parhs SH CCD) S grts

Slide Wheel Ctrl 5 >
Rotate Wheel Ctri APT Fiter 1 P -UsB
SH Pupil proxy parts APT Fifter3) - mot pré»x).;t,:.'tls -
: Motor Control Ry OO
: Digital APT Filter 3,
PIT Filter Whee| - Digial
> : Digttal

PIT Shutter MIChs
Digital IF

SH Shutter proxy ports

Digital
PIT Tilt Plate
PIT Tilt Plate ¥

APT BS «HCD»

Motor Ctri

proxy ports

: Motor Control

System Decomposition Hierarchy




Step 3: Characterize Components
&

» Specify beB@eiby delpawots

— E.g., using SysML state machines for lifecycle
behavior

— E.g., using SysML activity diagrams for
functional flow

» Characterize Components, e.d., Using
Patterns

« Example: Roll-up Pattern

— Constrained value represents an aggregate
value that is propagating up a hierarchy of

ctiherAarmmnAanoante



Step 3: Characterize Conceptual
Components

Post-Segment E xchange Alignment

Coarse Tilt Alignment

Finished / diffTime

initTimer ——
F[ do / Coarse Tilt Alignment \

Broad Band Phasing 30um |

‘ Minimize Sensor Readings | ‘

)

1

AN

only acquire new star, don't guide. no

PIT tracking

p - —
do / Broad Band Phasing 30um act [Activity] Coarse Tik Al

ignmen{ Coarse Tilt A.Iignmentﬂ

wvalueSpecifications |

avalueSpecifications |

guide on current star,
tracking

-~
L =
Correcting Rigid Body and Segment
Figure Iteration 1

do / Rigid Body and Segment Figure correction

‘ Narrow Band Phasing

do / Narrow Band Phasing

T

-~

e true falze | i
avalueSpecifications 4 ,
| | |
4 SH-D LH
4 doAcquisition! StartPITTrack ¥ - b
Finish WER— r\L‘i” % [ : Calculate Segment P'I;L | [ :Calculate Telescope Pointing
) W Offset
7/ N\ f desiredSHM a3 : Setup APS, Acquire and Start Guiding N Yo ‘ ‘ th
W\ i desiredSHFilter ‘ : ] ’ ’
il [
start PIT : b offset
T LA . | _.4‘#— i parameter
MoGuide : Display Results to APS
# \ | | Operator [ : Command Telescope
: Take SH Exposurerh | I‘I'I Offset in Pixel
| I ;
P ———— = - dit | | 7 :
| Correcting Rigid Body and Seg |

Finished / diffTime |

Figure Iteration 2

2 do / Rigid Body and Segment Figure

wvalueSpecifications
false

. E— |
: Ask OP to Send 1 E noralor |
Segment PTT " "mgramon - :I _ @
-
|

" B _ — e
: Find and identify
m I . A
| LI__|
| dedision
' | Sy [faise] N
Segment<,2— — — — — — — — R
A 3 A —
_|Acquire and guide on new star e:  Calculate Centroid | PTT | lirue) LS
Offsets - = |
oo e th } v ) I
Finished / diffTime ( :Send SegmentPTT | ( : Save MHCS
dit ‘ th }, — % Configuration |'|1 ‘
L |

dit=19;

Operational behavior captured with
state machines and activity models

| if (filter.name == "BB-30") { dit=20;} |

fitter

.«valueSp ecifications
BB-30

-
Name

ol dAPTMoving

o] dAPTTakeExposure

ol dCalcCentroidOffsets

o1 dCalcPupilRegistrationOffsat

ol dCalcRMSForM2AndSegmentPTT

[ P N

.

2

Constrained Element
 Moving
Z APT Take Exposure
1 Execute Centroid Offset Calculation
Z Caloulate Pupil Registration Offset
T Caloulate RMS for M2 and Segment PTT Crnds

Owner Of Constrained Element
3 Sendfck_Filter
o4 Send_Exposure
o3, Calculate Centroid Offsets
e, Calculate Pupil Registration and Image Offset
oy, Calculate RMS for M2 and Segment PTT cmds



Step 3: Characterize Conceptual
Components

((act [Activity] Take SH Exposurd] Take SH Expasure])

act [Activity] SendAck_Take_Exposure] SendAck_Take Exposurey N
|
avalueTypes . .
dit : Integer | 3
U N
" ¢ S-H Take Ex -r_losure
p S SH_Take_exposure_Cmd SH_Take_exposure Ack {ditSetup <. dit3etup s} . .
On Port = PEASZSHOW ~_ ., _~ Dynamic and fixed
' ' Read Out Detector : :
| | {10=..10s} duratlon Constralnts
| e
1 1 5H_Take_exposure_Ack
|
1 Communlc'atlng On Port = b CC_SHZPEASOUt
state machines v
~—_ CC_SH_Cmd_Completed3
& Active
( wait! Get SH CCD Temperture_| Quer)Rmm,?FB,Temmmre ' (é
. \1 CC _SH_Cmd Completed1d° / SendAck_CCD_temperature

. ’} A

= Select SH_PupilMask_ Cmd
oS pilN Change Pupll Mask |

entry / processMask

¢ :C_SH_Cmd_Completed2y;  send_Ack_Select_PM

ration analysis results verified
against requirement for a particulat
configuration

‘ wait3 ﬁH Take_exposure_ Cmd Take Exposune l
. 'i CC_SH_Cmd_Complet da-ntryl processE xposure >
1

[ f ‘ do / SendAck_Take_E xposure

-
Name 4 TFinal : Real st Seq Xchg Time Limit :  Post Segment Exchange : Off Axis Off Axis Map RE Dit : Integer Phasing Dit :

Post Segment Exchange Measurement Points : Integer Integer
Time Constraint Steps : Integer

=] maintenance Alignment Duration Scenario.aps mission conceptual. apgfcon
=] maintenance Alignment Duration Scenario.aps mission conceptual.aps




Step 3: Characterize Realization

bdd [Package] Roll-up Patter{ Power Roll-up Pattemy

«block» par [Block] PowerRollU pPattern

PowerRollUpPattern
constramss subPower : PowerRollUpPattern [*]
sum : TotalChildren power : W [1]
/totalPower : W
parts

subPower : PowerRollU pPattemn [*]

p: Resl
‘totalPower : Wj.t_'n-.--' vatt) tL,]b totsl : Real | s ———
power : W [1] = 0.0{unit = watt} child - Real [7] . :
operatingPower : W = 0.0{unit = vatt] sum : TotalChildren
standbyPower : W = 0.0{unit = watt} {total = sum(child)+p}

dassier behsvior

«statemachinesPRBehavior

stm [State Machine] PRBehaviorf @ PRBehaviorﬂ «constraints
TotalChildren

State constraints

{total = sum(child)+p}

TurnOff paramelers

off standby child : Real [*]
{power=0} Standby (power=standbyPower} total : Real

p: Real

TurnOn | TurnOff

on
: Standby
{power=operatingPower}

TurnOn

Power Rollup Pattern




Step 3: Characterize Realization

V' an a
bdd [HW Component]Collimatof Collimator Assembly Roll-u;gJ
«block»
PowerRollUpPattern
_-—
CONSUaNEs
sum : TotalChildren
values bPovel
ftotalPower : Wiunit = vatt} o ove]
power : W [1] = 0.0{unit = watt} *
operatingPower : W = 0.0{unit = watt}
standbyPower : W = 0.0{unit = watt}
«HW Components
Collimator
[ ]
—_—
ield fens
Collimator {subsets subM ass, subsets subHower}
«HW Com
Relay Lens
paris
: Motofisubsets subM ass, subsets subPowver} Fold Flat| {subsets sublMass, subsets subPower}
s «HW Components
Transmitted_percent ;
Reflected_percent
valuss
size : Real

Power Roll-up Pattern Application



Step 4. Specify Analysis

Context
« Analysis Context Pattern

— Abstract analysis context Block composes
both the design black box Block and white
box Block

— Analysis properties defined on the analysis
context Block (e.g., peak power, power
margin)

— Analysis parametric model on the analysis

context that computes and binds analysis
values



Step 4: Specify Analysis
Context

«block»
Peak Power Limit Analysis Context

: DetermineMax
! DetermineMax

«analyses»

art

analysis Driver : A’-natysis Driver

peakPowerEnc : W
peak PowerFacility : W
maxD: Real

minD: Real

«analyses»

«block»
«oosem:physical»
APS Realization

summit Installation Summit Installatiofsubsets subMass subsets subPower]
dome Installation: Dome Instaliatiofsubsets subMass subsets subPower)

«block»
APS Operational Blackbox Specification JPL

Analysis Context Pattern




Step 4. Specify Analysis

At

par [Block] Peak Power Limit Analysis Contex{ Peak Power Limit Analysis Contcxt’]J

aP5 Operational Blackbox Specification JPL : APS Operational Blackbox Specification JPL

p

pls : Peak Power Limit Requirement JPL

wconstraints

.

anc : Peak Power Load Constraint
{p<required PeakLimitLoad}

sconstraints
facility : Peak Power Load Constraint

M

pow requiredPegkLimitLoad : W

{p<required PeakLimitLoad}

pwW requiredPeaklLimitLoad : W

| powerPeakLimitEnclosure : W = 8100 ‘

powerPeakLimitS umim

itFacilityBuildings : W=
4100.0

peakPowerEnc : W

woomments

as designed peak
during a scenaric

| wconstraints |
: Determine Max |
{new=max{old current)} |

[ 1]

cument : Real

peakPowerFacility : W |

éﬂw : Real %Id : Real
I .
|

«constraints |
: Determine Max |
{new=max({old current} |

- .

cumrent : Real

aPS Realization : APS Realization

dome Installation : Dome Installation

summit Installation : Summit Instaflation

*itotalMass : kg
*totalPower @ W
S

*fotalMass : kg
MtotalPower @ W

“ftotalMass : kg

*totalPower : W

wCOMMmants

as designed value at any point
in time during a scenaric

Analysis Context Parametric Model



Step 4: Specify Analysis

("Nntavt

|Explanation Definition

I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
\

«block»

Duration Analysis Context «analyses»

\
I
I
I
!

«block »
APS Mission Conceptual

analysisDn‘verr ;vAnatysis Driver

«analyses»

«block »

Post-Segment Exchange Duration Scenario

EVN

stestCase PostSegment E_ichabge Duration Scenarnsg

r
[
I
|
|
[
|
|
[
[
[

p—

APS Operational Blackbox: APS Conceptualedefines aPs

Operational Blackbox J

PL]

wsatisfy»

[
I
I
I

W

« TMT Requirements»
Post-Segment exchange alignment time

Text = TREQ-2-APS-0016] APS shall be able
to perform on-axis alignment in less than 120
minutes (at a single elevation angle) when all
optics are within the post-segment exchange
specifications. *

TMT ID = REQ-2-APS-0016"




Step 4. Specify Analysis

Context

par [Block] Post-Segment Exchange Duration Scenarng Post-Segment Exchange Duration Scenario Anah,.'st

*aPSs Mission Conceptual : APS Mission Conceptual

APS Operational Blackbox : APS Conceptual

peas : Procedure Executive and Analysis Software

tFimal :

Real

sequals

on-axis alignment maximum time for Post Segment Exchange JPL.postSegXchgTimeLimit : second = 7200

weguals

max Time : Real

pl: Real

L]

wconstraints

L]

on-axis alignment maximum time for Post Segment Exchange JPL.postSegmentExchange : MaxTime Constraint

{p1==rmax Tirme}




Step 5: Specify Operational
Scenarios

« Operational Scenario Pattern

« Concrete analysis context Block which

— Represents one operational scenario (e.g., power
configuration)

— Specializes the abstract analysis context Block
— Redefines context’s properties with scenario-specific values

— Defines an owned behavior (sequence diagram) as scenario
driver

» Changes the states of the different components, by
sending them signals, causing the rolling-up to occur
automatically

» Can specify duration constraints to time the injection of
signals thus controlling time spent in a certain state

» Can use state constraints (on components) to verify
durina execution if a component is actuallv in expected



Step 5: Specify Operational

‘ AAIAAI’IAA

«block»
«E xplanation»

Peak Power Limit Explanation

constranis

- DetermineM ax
: DetermineM ax

pars

analysis Driver : Analysis Driver

values
peakPowerEnc: W
peakPowerFacility : W

maxD : Real
minD: Real
«blocks «block»
Peak Power Limit Scenario Online Peak Power Limit Scenario Standby

Operational Scenario Pattern



Step 5: Specify Operational
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Step 6. Specify Scenario

Configurations

e Scenario Condition Pattern

— A decomposition tree of instance specifications
representing the state of the scenario

« Can be presented in tabular form

— Rows represent the instance specifications (e.g.,
component)

— Columns represent values (e.g., operating power) from the
instance specifications

e |ssues

— Hard to keep instance specifications in sync with
Block hierarchy

 Mitigation: tool automation
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Step 6: Specify Analysis

=1 peak Power Limit Scenario Online.aPS Realization
=1 peak Power Limit Scenario Online.aPS Realization.dome Installation

=1 peak Power Limit Scenario Online.aPs Realization.dome Installation.ins

=1 peak Power Limit Scenario Online.aPs Realization.dome Installation.ins.aps electronics rack

=1 peak Power Limit Scenario Online.aPs Realization.dome Installation.ins.aps electronics rack.apt bs

=1 peak Power Limit Scenario Online.aP'S Realization.dome Installation.ins.aps electronics rack. apt bs.subMass[1]

=1 peak Power Limit Scenario Online.aP's Realization.dome Installation.ins.aps electronics rack. apt bs.subPower[1]

=1 peak Power Limit Scenario Online.aPs Realization.dome Installation.ins.aps electronics rack.apt ccd

=1 peak Power Limit Scenario Online.aPs Realization.dome Installation.ins.aps electronics rack.apt cod. subMass[1]

=1 peak Power Limit Scenario Online.aPs Realization.dome Installation.ins.aps electronics rack. apt cod. subPower [1]

= peak Power Limit Scenario Online.aP'S Realization.dome Installation.ins.aps electronics rack. apt filter 1

= peak Power Limit Scenario Online.aPs Realization.dome Installation.ins.aps electronics rack. apt filter 1.subMass[1]

=1 peak Power Limit Scenario Online.aPs Realization.dome Installation.ins.aps electronics rack.apt filter 1.subPower[1]

=1 peak Power Limit Scenario Online.aPs Realization.dome Installation.ins.aps electronics rack.apt filker 2
=1 peak Power Limit Scenario Online.aPs Realization.dome Installation.ins.aps electronics rack. apt filter 3

= peak Power Limit Scenario Online.aPS Realization.dome Installation.ins.aps electronics rack. pit cod

Scenario Initial Condition
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=1 peak Power Limit Scenario Online.aPS Realization.summit Installation. subMass[1]

=1 peak Power Limit Scenario Online.aPS Realization.summit Installation.subPower [1]

=1 peak Power Limit Scenario Online.aPS Operational Blackbox Specification JPL.pplc

=1 peak Power Limit Scenario Online.aP5 Operational Blackbox Spedfication JPL.ppls

=1 peak Power Limit Scenario Online.aPS Realization.pple

=1 pesk Power Limit Scenario Online.aP5 Realization.ppls

=1 peak Power Limit Scenario Online.aPS Realization. summit Installation. computer 1

n n

-Configurations

g PS5 Realization
E Dome Installation
B instrument
= controller Rack
E Motoer Ctrl
E] MassRollUpPattern
E PowerRollupPattern
E camera Ctrl
E MassRollupPattern
E PowerRollUpPattern
E slide Wheel Cirl
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B slide wheel Ctrl
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E Camera Ctrl
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E Peak Power Limit Requirer
E Peak Power Limit Requirer
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Pattern

0.0
0.0
0.0
0.0
0.0

0.0
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Standby Power @ W
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0.0

200.0
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Step 7: Run Analysis

* Run the configured analysis with a simulation engine on
the initial conditions to get the final conditions:

* Produce the following views on final conditions

— Table showing final analysis values (e.g., peak power) and the
constraint’s pass/fail status for each scenario

— Timelines: state changes for components over time
— Value profiles: total rolled up values over time

# Name Classifier T Final : Real
Ph Pressed ez

1 = calibrations Duration £ &5 Calibrations Durations | | = Releaszd —.
2 = calibrations Duration £ & APS Conceptual

. K Procedure Executive ar i
3 = calibrations Duration * 8466.0 £




Timeline of component states
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Duration Analysis results

-
Mame Classifier Post Seg Xchg
Time Limit : Second

= post-5egment Exchange D ] Post-Segment Exchange Du

= post-5egment Exchange D B Post-Segment Exchange Du

= post-5egment Exchange O B Post-Segment Exchange Du

= post-Segment Exchange D ] Post-Segment Exchange Du

= post-Segment Exchange D ] Post-Segment Exchange Du
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= post-Segment Exchange D E] On-axis alignment maximum|7200.0
= post-Segment Exchange D E] Procedure Executive and Ar
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= post-5egment Exchange D & On-axis alignment maximum 7200.0
= post-5egment Exchange D B Procedure Executive and Ar

= post-5egment Exchange D £ APS Conceptual
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Power Analysis Results

Mame Classifier

=1 peak Power Limit Scenario Online.aps operational blackbox specifi 5 Peak Power Limit Requirement JPL
=1 peak Power Limit Scenario Online.aps operational blackbox specifi ] Peak Power Limit Requirement JPL
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=1 peak Power Limit Scenario Online at 2016.07.25 14.28
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Environments
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OpenMBEE
https://open-mbee.github.io/

 OpenMBEE provides a platform for modeling that utilizes
the Model Management System (MMS) that can be
accessed from rich SysML desktop clients like
MagicDraw, light-weight web-based client like View
Editor, mathematical computation programs like
Mathematica, and any other tool that can utilize RESTful
web services.

« The model repository provides the following features:
— Basic Infrastructure for Version, Workflow, Access Control
— Flexibility of content
— Support for Web Applications and Web-based API access

— Multi-tool and multi-repository integration across engineering and
management disciplines



OpenMBEE Core Integration
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The table below shows our current bottom-up time estimate for each of the activities that make up this use case. The total time estimate is ~96 (TBR) minutes, which is to be compared with our 9
requirement of 120 min (as shown in the figure below) —
ol

J—

At Keck, we routinely perform post-segment exchange alignment in 120 minutes or less. However, at Keck the segment shapes are measured in a separate test, with each segment measured separately,
but adjustment of the segment warping hamesses is manual and occurs the next day. We will measure the TMT segment shapes in parallel as part of the rigid body and segment figure activity and imidiatly
adjust the segment shapes during the night via the motorized warping hamesses and iterate the control at least once. Given our bottom up estimate and our Keck experience we have a high degree of
confidence we can met the 120 minute requirement

Post-Segment Exchange Alignment Timing Analysis Results
This table shows the results for the post segment exchange duration analysis
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Building the Viewpoint Model

* Viewpoint Model
— Purpose informed by Stakeholder Concerns
— Methods and Analysis for constructing the View from the Model
— Presentation Rules

's:'akeholﬁef ] JRPoInt - qconformy - - - aview»
: : : . Viewpoint = - — - - - = View

_ — — T|method( Method Parameter )} =~ = = === = |l

S N
o |eactivity» | i

Method Language

Concern

Docgen
https://qithub.com/Open-MBEE/mdk/tree/mdk-manual/src/main/dist/manual



https://github.com/Open-MBEE/mdk/tree/mdk-manual/src/main/dist/manual

Method and
Analysis

 Methods
________________________ — Ordered steps for
«viewpoint» o producing the View
queries of the model
S S — Analytical assertions
Method I! Steps‘- — Rules for completeness
::_"' o and consistency

-=7 /< T« Formatand

Analysis, Format — Describe the
| conventions, styles and
R . formats for how the

information is presented
in the View



Integrated Document Generation
And Simulation
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Summary

Models are ubiquitous in domain engineering
Still many disconnected document based artifacts

Integration of requirements and behavioral/performance
model

Method and infrastructure exist to tie in system level
models into domain specific models

Leverage model executability (OOSEM + ESEM) and
Co-simulation (FMI) and Co-Analysis

Automated requirements verification of architecture and
design

Consistent Model Based Project Documentation
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Outlook: Standardized Co-simulation

 The Functional Mock-up Interface
(or FMI) defines a standardized
Interface to be used in computer
simulations to develop complex

Tools supporting FMI .
prRorng Version Export Import Slave Master

Notes

Available Available

cyber-physical systems.
* Integration with System Level sy
== behavior model : * o

PID .
irm h: Real

Sysienl Eymem]] 5 al
‘ bouncin gBall.fmu der(v) : Real

- eLe.
Engine Gearbox Thermal Automated
e with ECU with ECU systems cargo door roadway, ECU (e.g. ESP)
e e o functional mockup interface for model exchange and tool coupling
(== courtesy Daimler




Power Analysis in the Context

of Structure and Interfaces
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00:00:06,211 WARN: the signal TurnOn has not been consumed and removed from the Control @6ba520e pool = = Peak Power Limit Scenario Online [peak Power Limit Scenario Online : Peak Power Limit Scenario O
00:00:16,224 : === Interaction Peak Power Linit Scenario Online execution is terminated, ==== [0 maxD : Real 0.0000
00:00:23,669 : **** Instance Specification peak Power Limit Scenario Onling execution s terminated, *++*
[ minD : Real 0.0000
00:00:00,000 : =** Instance Specification peak Power Limit Scenario Onling is initialized, === minl : Rea
00:00:00,000 : === Instance Specification peak Power Limit Scenario Online is started! ==== CH peakPowerEnc : W 460.0000
00:00:04,376 WARN: the signal TurnOn has not been consumed and removed from the Control @574674d9 pool [ peakPowerFaciity : W 500.0000
CH analysis Driver : Analysis Driver peak Power Limit Scenario Online.analysis Driver : Analysis Driver...
[H &PS Operationdl Blackbox Specification JPL : APS Oper... peak Power Limit Scenario Online.aPS Operational Blackbox Sped...
[H aPS Realization : APS Realization peak Power Limit Scenario Online. 2PS Realization : APS Realizatio...
I : DetermineMax { DetermineMax@75b420f8
-| [>> [idefauiy . I : DetermineMax { DetermineMax @5ea0 13ef




ibd [Block] Mission[ Spacecraft <-> Ground Station Communication Link]/I

spacecraft Vehicle : Spacecraft Vehicle
«proxy»

E; commlF

- : Communication Interface

: Communication Link

ground Station : Ground Station
«Proxy»

| commlF EE]

: Communication Interface

How long does it take to transmit all of the science

data? What is the battery level profile over time?




e » Specification of (owned)
R nehavior of the object that is
data : Real = 102400 . .
vatery : Real = 101 nossibly invoked at some

[a]
LY

: Communication Interface DOInt |n tlme

— Recharge Batteries

- Spacecraft Vehicle .
Spacecraft Modes Transmlt Data
a4 Consume Power

o4 Recharge Batteries
o4 Send Data Frame

&2 Transmit Data => Typically modeled using
activity diagrams




Behavior described by
the activity diagram \

Transformation

Input ey (Activity) sy Output

\ System boundary for

Modeling questions: input-transform-output process
 What is the (system) boundary?

« What are the inputs & outputs?

« What are the object flows (things flowing through in/outs)?

« What is the transformation taking place?

* How Is the transformation controlled?




« Specification of behavior through
controlled sequence of actions

« An activity Is decomposed into multiple
actions with connecting flows

[ )
act Operate Camdra [Object Flows]

0w to kens flow through and trigger., o
«optional» {stream} P MPEG output
video out {stream}
«optional» aC «optional» : Capture Video : Generate
current image «optional» captured image Video Outputs
{stream} ext image {stream} {stream}
«optional» «optional»
input signal «optional» composite out
{stream} composite {stream)}
out {stream}




* Two types of flow: object and control
flow

* Object tokens flow through NS a1, isnot
— Multiplicity specifies requireeaumpberab: o

tokens and all the control

o kenS - 'Jlr inputs also have a token
rmu@@iﬁbﬂa\ﬁb Optldﬁ . t@a{@bﬂ&tﬂﬁ1 ]
- ontrel tokens don’t require.pins,
\. | When the behavior ends, we
' expect all the output pins to
\ have the required number of

tokens and all the control
outputs also get a token



Initial Node — On execution of parent control token placed
on outgoing control flows

Activity Final Node — Receipt of a control token terminates parent

Flow Final Node — Sink for control tokens

Fork Node — Duplicates input (control or object) tokens
from its input flow onto all outgoing flows

Join Node — Waits for an input (control or object) token on all
input flows and then places them all on the outgoing flow

Decision Node — Waits for an input (control or object) token on its
input flow and places it on one outgoing flow based on guards

Merge Node — Waits for an input (control or object) token on
any input flows and then places it on the outgoing flow

Guard expressions can be applied on all flows



(act [Activity] Recharge Batteries|[ Recharge Batteriesu

b

-

@&

Send signal

g& [battery >= 100]

Battery Fully Charged /

|[pattery < 100]
W

Charge 1% l

Qs 4421

. Battery Fully Charged |

Wait for / receive signal (e.g.,
to trigger other behavior)
(“Accept Event Action”)

Signals can be
sent over ports
for inter-object
communication!




 Can apply “duration constrairfgan
to leaf (non decomposed) actions to

SE

@thk Y] Rk!nz!& Mnerle! ['Mcl!

Hrand-maximur

i

ex

W

; 7 CharI I " -

ecution time

e

[ e

l W [battery >= 100]

| D

| |[battery < 100]

l

I

min...max
execution time

— Battnry Fully Charged

&

i




«block»
Spacecraft Vehicle

data Real = 102400

banwz 100
T

Variety of languages
supported: JavaScript,

livity] Send Data Frame[ Send Data Frameu

e ®
: Communication Interface
«Proxy» l

3 Spacecraft Vehicle
[ Spacecraft Modes
L) Consume Power

N

1024;

}_] outputValue data

VB, Alf, fUML,

W

Data Packet

“' “data = data -

{0.5s..2.5s) J_J

U

-

On Port = & communication ™
Interface /

1

®

Signals can
carry payload




ibd [Block] Mission [ Spacecraft <-> Ground Station Communication Llnli

spacecraft Vehicle : Spacecraft Vehicle
«Proxy»

commlF
EQ

- - Communication Interface

: Communication Link

ground Station : Ground Station
«proxy»

commlF [
tion Interface (EJ

: Communica




(act [Activity] Transmit Data[ Transmit Data p

Interruptible

-5 ' « Region

W

|
|
|
|
|
e
| ' | | : Consume J
I Power
o | S i | :
I : Mgy d_ — _
|
I | |[data > 0] 2 : |
| : \L >BathryLow _7__|__—->é
|
L [ A
l h Interrupting : e ot
, edge !




(act [Activity] Consume Power[ Consume PowerJJ h
Decomposed |} =~
& activity |
e el S S s S Shvmes " |
%56 o | |
| | I_ |
i I | '
battery-; | Ibattery >= 40] |
[ (o.5s..1.5s)] | l
| ! | : Consume |
| i wer
é_ S " Device Off | th '
| [battery < 40] Y | l
v S S| | P _
Battery Low 2 K ' l
| |
----------- : ry Low 4 :
® |
[
l
|




act Example

inl

In which order do the
actions execute?...Trace
the tokens!

2

S — Guard
| Condition
A4 )
outl \a‘e
E[ A5 ]3 LN G“OGO\“\'\N\'
oe®







stm [State Machine] Spacecraft Modes [ Spacecraft Modes u

 States (or
“mOd eS”) and .—_ | on | Shutdown Complete ®
transitions ]

between states

| !
- Tra n S Itl O n S H Gr:v:r:zl:f?;:t)iron mrdo?::nr::i;n:ata '

based on trigger i *!
and guard

—Cansend/ . S
receive signals * -
to communicate

between blocks




* Three major
typeS Of eve ﬂtS when (someValue > 0) J State 1
for transitions: ’

— Change event

Battery Low N State 2

— S|gna| event after (5s) [ states

Transition notation:
trigger[guard]/action

— Time event

(relative (after) or



||

State 3

entry / Some Initialization
—>{ do / Some Activity
exit/ Some Cleanup Actions




stm [State Machine] Spacecraft Mcdes [ Spacecraft Modes JJ

Ground Station Ping [battery > 80 && data > 0]

[ l

Waiting for Battery Low Transmitting
Ground Station do / Transmit Data
Ping

when (battery < 80)

[ |

Not Recharging | Recharging
l do / Recharge Batteries

T Battery Fully Charged |




stm [State Machine] Exercise [ Exercise ]J

Trace the state
transitions!

State 2




package Simulation Configuration Simulation Conﬁgy

«SimulationConfig» & «TimelineCharty» it «Time SeriesChart» e
Mission Simulation Spacecraft Modes Battery Level
wSimudatonConfigs a SefectPropertiesConigy wSefeciPropertiesC ondigy
Ul ?@ represents = E]Mission represents = E]Mission
w TimedineCharte value = Cuspacecraft Vehicle.batte
Battery ci contextPlot = false F;)' imeSesnesCharts 7
Data Buffer timelineMode = state fixedRange = false
%Spaoecraﬂ Modes w TimeSeies Chart gridX = true
autoStart = false fixedRange = false gridY = true
autostartActiveObjects = true gridX = true plotColor = "#BC334E"
cloneReferences = false gridY = true refreshRate = 1
constraintFailureAsBreakpoint = false maxValue = "0.0
durationSimulationMode = random minValue = "0.0 i
executionTarget = IMission plotColor = "#BC334E
fireValueChangeEvent = true
initializeReferences = false «Time SeriesChart» i
runForksinParallel = true Data Buffer
silent = false e SabalPrperieConto
startTime = 0 g i
represents = E]Mission
startWebServer = false iz "
stepDelay = 0.005 value = I:ulszpaboecrazt _\(fahlcle.data
stepSize = 0.1 il
timeUnit = second g’r‘;‘)’(R:RZ i
timeVariableName = "simtime” gridY = true
treatAliCIassifiersAsActive = true plotColor = #BC334E"
refreshRate = 1




stm E[State Machiné] Spac:ecraft Modes [ Space:craft M(EJdes JJ

Ground Station Ping [battery > 80 && data > 0]

Waiting for
Ground Station
Ping

y g

[

I

" Not Recharging

Battery Low Transmitting
do / Transmit Data
[data <= 0]
when (battery < 80)
Recharging

(
L

do / Recharge Batteries

Battery Fully Charged

)




Recharging -

49.7s
Not Recharging
battery < 80
Battery Low
Transmitting -
30s 63.3s 386.7s 48.1s
round Station Ping
und Station Ping Ground Station Ping
Operation -
Station 30s
Idle
after(30s)
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700

time(s)



_ spacecraft Vehicle.battery
Recharging -
100
49.7s
90
Not Recharging 80
battery < 80 g
E 70
Battery Low 105 60
Transmitting - £
> 50
30s 63.3s S 40
round Station Ping & 0
und Station Ping 20
10
0
0 100 200 300 400 500 600 700 800 900 1,000 1,100 1,200 1,300 1,400 1,500 1,600 1,700
time(s)
== spacecraft Vehicle.battery |
Operation -
Station 30s
Idle
after(30s)
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700

time(s)




OpenCAE Environments and
Technology Portfolio

bdd [Fackage] OpenCAE| ﬁ% nCAE and Engineering Environmen

ablocks
OpenCAE

ublocks «blocks «blocks wblocks
Systems Engineering Environment Software Engineering Environment Blectrical Engineering Environment Mechanical Engineering Environment

«block»
Technology Portfolio

. CAE Doors NG

: CAE Jira Server
: CAE Maple

: CAE Matlab

: CAE Mathemalica




